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响。催化剂前体经过真空干燥处理所制得的 SO42-/ZrO2 固体酸，含硅量为 1.5%
的固体酸，煅烧温度为 973K 和 1003K、煅烧时间为 2h 的固体酸等具有较好的
催化性能，一般在 2h 内，均可使油脂酸值降到 3mgKOH/g。脱酸后产物与甲醇






























Based on a series of esterification using methanol as esterifiable reagent or(and) 
sulfuric acid as catalyst, we studied the FFA(free fatty acid) reduction from mixture 
of soybean oil and lauric acid, which simulated the raw materials producing 
biodiesel, using SO42-/ZrO2 solid acid instead of sulfuric acid as catalyst, glycerol 
instead of methanol as the esterifiable reagent. Process parameters such as reaction 
temperature, the molar ratio of alcohol, types of alcohol, acid catalyst amount, 
reaction time, and free fatty acids level were investigated to determine the best 
strategy for converting the FFA to usable esters. 
The effect of different methods of preparing SO42-/ZrO2 solid acid on the 
reaction was studied. Some SO42-/ZrO2 solid acid catalysts, such as drying in vacuum 
stove, concluding certain silicon, or calcined with the temperature 973K and 1003K 
in 2h, et al. exhibited better performance in esterification. The product 
transesterification with methanol gave 90% yields of biodiesel; the selectivity was 
nearly 100%.The SO42-/ZrO2 solid acid’s catalytic activity was evaluated by 
acid-base titration. 
The SO42-/ZrO2 solid acid catalysts prepared by different methods, compared 
with each other especially with Co-precipitation, was characterized by using XRD、
IR、BET surface area.、SEM、TEM、TG-DTA、ammonia-TPD to study the relation 
between catalytic activity and their crystal types, BET surface area, proportion of 
sulfur, thermal stability and acidity.  
The characterization result showed that the SO42-/ZrO2 solid acid catalysts, 
when calcined with the temperature 923K, mostly behaved as Zr(SO4)2 crystal type; 
the ones calcined in vacuum stove, besides mainly Zr(SO4)2, they contained some 
β-Zr(SO4)2 crystal type, which was a kind of sub-stability crystal, improving the 
catalytic activity of the solid acid. The higher proportion of sulfur the solid acid own, 















area. While SO42-/ZrO2 solid acid catalysts behaved as single Zr(SO4)2, or mainly 
Zr(SO4)2 contained some ZrO2, it showed that the more acidity the solid acid had, 
the better catalytic activity they behaved, and so was the acidity intensity. But while 
the solid acid composed with pure ZrO2, or mainly ZrO2 and small amount of 
Zr(SO4)2, the situation was opposite, the catalysts had the much more acidity, but 
they behaved the worse catalytic activity in the reaction. 
 































































饭馆一天就可以产生废油脂 20 吨(年产 7000 多吨)；南京市现有饮食、食品加
工和屠宰企业 1 万多家，每天排放数百吨污水，其中一年产生近 5000 吨废油脂。
由于每年产生这么多的废油无法利用，造成的巨大污染现今已影响到人们健康，
采用一种更有效的利用方法成为当今研究人员亟待解决的科研问题。 
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